In operant conditioning experiments, two methods are commonly used to motivate laboratory rats to perform designated tasks. The first is restricting food so that rats are forced to lose 20% of body weight within one week, followed by maintenance at 80% of the baseline weight for the remainder of the experiment. The second is restricting access to water to 15 min in each 24 h period. These methods are effective in motivating the animals. There is, however, little information available on the effects on performance in tests of behaviour that are not related to operant conditioning. In addition, it is not clear if these commonly used methods of food and water restriction will lead to physiological stress as indicated by an elevation of serum corticosterone. Male rats were either food~restricted to reduce and maintain their weight at 80% of baseline weight, or were restricted to 15 min access to water every 24 h. Activity in the open field was significantly greater in food-restricted rats than in water-restricted or control rats, but freezing behaviour was similar in all experimental groups. Food-restricted rats had a higher mean serum corticosterone level than water-restricted and control rats 37 days after the start of the experimental period. These data suggested that chronically restricting food and maintenance of body weight at 80% of baseline body weight led to significant behavioural changes and physiological stress. In contrast, water restriction did not lead to changes in behaviour or corticosterone levels. A second experiment was conducted to compare the effects of food restriction to 80% of baseline body weight, as described above, with a less stringent protocol in which test rats were initially reduced to 80% of baseline weight, but were then maintained at 80% of an ad libitum fed control rat's weight. Serum corticosterone levels and adrenal gland weights were measured after the initial week of forced weight loss and after maintenance for 21 days. Forced loss of 20% of body weight in the first week led to significantly increased serum corticosterone levels and adrenal gland weights compared to ad libitum fed controls. Serum corticosterone levels and adrenal gland weights in rats maintained at 80% of their initial body weight for 21 days remained higher than ad libitum fed control rats. However, rats maintained at 80% of an ad libitum fed control rat's weight did not differ from control rats in serum corticosterone levels or adrenal gland weights at the end of the 21-day study period. Adjustment of the feeding regimen in this manner eliminated physiological evidence of chronic stress.
Operant and classical conditioning methods commonly utilize food or water restriction in training programmes so that food or water can be used to reward desired behavioural responses. For example, in operant conditioning procedures, rats are often trained to press a lever to obtain a small pellet of food or drop of liquid. Restriction of either food or water must occur prior to and during the training and experimental periods to generate motivation for the animal to perform the required task.
In these conditioning experiments rats are typically limited to one period of 10-15 min free access to water every 24 h or are fed at levels to maintain them at 80-85% of their initial ad libitum fed body weight, often for periods of several weeks (Bonardi & Hall 1996 , Flaherty et al. 1996 , Kim et al. 1996 , Barnet et al. 1997 , Delamater 1997 , Petry & Heyman 1997 Denniston et ai. 1998 , Silva & Timberlake 1998 . It has been assumed that although the restriction conditions may be initially stressful the rats adapt with no adverse effects (Silverman 1978) . However, an extensive search of the literature on food and water restriction in rats did not provide a satisfactory answer to the question of how these particular methods directly affect the physiology and behaviour of rats and whether other methods may be less disruptive. Laboratory animal veterinarians and institutional animal care and use committee members have difficulty evaluating animal welfare aspects of protocols utilizing these methods. Further information on the physiological and behavioural effects of this type of food and water restriction will be beneficial for institutional officials and investigators.
Various forms of food restriction, including the method examined in this study, have been used in rats for decades. A few studies have attempted to address the stress and behavioural responses resulting from this type of food restriction using circulating corticosterone and behavioural testing. Kant et al. (1988) compared the performance of male rats restricted to 80% of their initial ad libitum fed body weight and ad libitum fed rats in food and water mazes. They found that food-restricted rats learned both types of mazes faster than ad libitum fed rats but had 21 high plasma corticosterone levels ( > 30 Ilg/dl in food-restricted rats, [20] [21] [22] [23] [24] [25] Ilg/dl in ad libitum fed rats). However, in this study, plasma corticosterone was assayed only after the last maze trial and was not assayed in food-restricted rats not tested in mazes. The maze trials themselves may have been a stressor that contributed to the higher than normal corticosterone levels in both groups. Marinelli et al. (1996) found that rats subjected to 8 days of food restriction to 90% of their initial body weight, followed by a short period of restraint stress, showed elevated serum corticosterone concentrations and increased sensitivity to the behavioural effects of cocaine as compared to ad libitum fed rats subjected to identical restraint stress. The enhancement of a drug's effect by stressinduced corticosterone secretion has been reported in other scientific studies using various drugs (Marinelli et ai. 1996) . If a particular method of food restriction leads directly to stress-induced corticosterone secretion it may be appropriate to question the use of this method in testing the behavioural effects of drugs.
The effects of chronic water restriction have also been studied with varying results. Johnson and Levine (1973) allowed ad libitum fed female rats access to water for 15 min/day at 15:00 h for 60 days. They found elevations above ad libitum fed and watered-control rat levels in plasma corticosterone at 09:00 and 13:48 h with a decrease in plasma corticosterone to below control rat levels at 18:36 h. Male and female ad libitum fed and watered rats demonstrate a circulating corticosterone pattern characterized by low morning values and higher evening values (DeBoer & van der Gugten 1987). Johnson and Levine (1973) hypothesized that a change in adrenocortical circadian rhythm accounted for their results but could not dismiss chronic stress as a possible factor in the plasma corticosterone elevations. Gray et al. (1978) found that restricting water intake in female rats to 30 min/day at 08:00 h resulted in high morning (before water) and evening corticosterone levels. These results were also attributed to changes in the circadian pattern of corticosterone secretion. The authors dismissed stress as a cause for the corticosterone elevations because rats in their study given access to water for 30 min at 19:00 h did not show any difference from ad libitum fed and watered rats in plasma corticosterone levels or circadian rhythm. However, blood was collected using cardiac puncture following ether anaesthesia. Ether anaesthesia has been shown to cause substantial increases in serum corticosterone (van Herck et a1. 1991) and might have obscured differences between treatment groups.
The objective of this study is to replicate the methods of chronic food and water restriction used routinely in operant and classical conditioning studies and determine if significant alterations occur in open field and freezing behaviour and serum corticosterone levels in the rats used as test subjects. Changes in physiology and behaviour induced by various methods of food or water restriction may affect experimental results and may indicate adverse effects on animal welfare. Understanding the effects of various methods of food or water restriction may permit selection of those that are least disruptive.
Materials and methods

Animals
Experiment 1 Eighteen male outbred rats (SAS:VAF®SD, SASCO, Inc., Omaha, Nebraska, USA and Crl:CD® (SD) BR, Charles River, Inc., Portage, Michigan, USA) weighing 300-414 g at the start of the study were housed individually in wire-bottom stainless steel cages with a 12/12 h light/dark [lights on at 06:50 hj off at 18:50 hJ schedule. The rats were maintained in an environmentally controlled room at a temperature of 22°C and fed laboratory rodent chow #5008 (Purina Mills, Inc., St Louis, Missouri, USA) from wire mesh feeders. Tap water was provided in bottles with sipper tubes.
Experiment 2a
Sixteen male outbred rats (Crl:CD® (SD) BR, Charles River, Inc., Canada'l weighing Laboratory Animals (2000) 34 Heiderstadt et al. 319-351 g were housed and maintained in the same manner as rats in Experiment 1.
Experiment 2b
Twenty-four male outbred rats (Crl:CD® (SDI BR, Charles River, Inc., Canada) weighing 319-359 g were housed and maintained in the same manner as rats in Experiment 1.
Manipulation Experiment 1
After arrival the rats were allowed 7 days of acclimatization with ad libitum food and water. On day 1 of the experiment the rats were individually weighed and randomized into three experimental groups of six rats each. Water-restricted (WR)rats were allowed food ad libitum with water restriction introduced gradually during days 2-8 until they had access to water for only 15 min per day. After day 8 WR rats continued to have . access to water for only 15 min per day. Foodrestricted (FR) rats were allowed ad libitum water and fed 4-6 g of food daily from days 2-8 until their body weight decreased to 80% of their weight as recorded on day 1. After day 8 FR rats were fed at levels to maintain them at 80% of their recorded day 1 weight. Control rats were maintained on ad libitum food and water continuously from day 1. Water-restricted and FR rats were given their water or food ration between 15:00 and 17:00 h daily. The body weight of each rat was recorded at least every other day for the duration of the experiment. Daily food rations for FR rats were estimated based on the most recently recorded body weight and averaged 14 g/rat. The groups were maintained on their respective food and water schedules from days 9-37 of the experiment. All rats were euthanized by decapitation between 08:00 and 09:00 h. Decapitation took place outside the animal room within one minute of removing a rat from its home cage.
Experiment 2a
On day 1 of the experiment the rats were individually weighed and randomized into two groups of eight rats each. Both groups Chronic food and water restriction in rats were provided water ad libitum throughout the study period. Food-restricted rats were fed 4-6 g of food daily from days 2-8 until their body weight decreased to 80% of their weight as recorded on day 1. Control rats were allowed food ad libitum from days 2-8. On day 8 the rats were euthanized and blood collected as described in Experiment 1. Ad libitum food consumption was estimated for control rats by supplying each rat with 50 g of food between 15:00 and 17:00 h and measuring the amount left over 24 h later. No attempt was made to correct for wastage. Experimental procedures were performed as described in Experiment 1 except no behavioural tests were performed and adrenal glands from each rat were collected and weighed at the time of euthanasia.
Experiment 2b
On day 1 of the experiment the rats were individually weighed and randomized into three groups of eight rats each. All groups were provided water ad libitum throughout the study period. All FR rats were fed 4-6 g of food daily from days 2-8 until their body weight decreased to 80% of their weight as recorded on day 1. Control rats were allowed ad libitum food throughout the study. After day 8, one group of eight food-restricted rats (iFR) was fed to maintain each rat at 80% of its recorded day 1 body weight. A second group of eight food-restricted rats (cFR) was fed to maintain each rat at 80% of the body weight of an ad libitum fed, weight-matched control rat. Body weights were recorded for each rat daily. On day 29 all rats were euthanized and blood collected as described in Experiment 1. Ad libitum food consumption was estimated for control rats by supplying each rat with 50 g of food between 15:00 and 17:00 h and measuring the amount left over 24 h later. No attempt was made to correct for wastage. Experimental procedures were performed as described in Experiment 1 except that no behavioural tests were performed and adrenal glands from each rat were collected and weighed at the time of eutha-' naSla.
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Open-field and freezing behaviour tests
The open-field behaviour box, measuring 122 cm (1)x 82 cm (w) x 49 cm lh), was divided visually into 24 zones of 20.4 x 20.4 cm by white plastic-coated electrical wire suspended in a grid pattern 49 cm above the box floor. The box was constructed of 2 cm thick plywood and painted dark brown. The wooden floor was covered with a layer of clear acrylic plastic to facilitate cleaning.
Rats in Experiment 1 were individually tested between 19:50 and 21:50 h on the 1st, 8th and 36th day of the experiment. The testing room was illuminated with (150 lux) incandescent light. Each rat was individually carried to the testing room in a clear plastic rat box and immediately placed in a corner of the open-field box. The same corner was used for all rats during a test period. The rats were video recorded from the time of placement in the box until the end of the 6 min test session. The floor of the open-field box was cleaned with 5% isopropyl alcohol before each rat was tested. Video recorded sessions were scored for the total number of zones entered, number of novel zones entered (zones entered for the first time), number of central zones entered, and number of rears (vertical body extension while standing on hind feet only) during the ·first 5 min of the testing session.
Freezing behaviour was tested during the last 60 s of the open-field test. At 5 min into the open-field session a 3 s, 90 decibel tone was presented. Freezing behaviour is designated as a period of no ambulatory movement with no or slight head movement, initiated any time from tone onset through tone offset. Recorded sessions were scored for the length of time each rat responded to the tones with freezing behaviour, up to one minute in length.
Serum corticosterone
Individual trunk blood samples were collected immediately after decapitation. Each sample was collected in a 10 ml glass tube "and allowed to clot while kept on ice. After centrifugation at 4°C the serum was separated and placed into polypropylene snaptop microtubes for storage at -20°C. Corticos-Heiderstadt et al. 
Results
Experiment 1
There were no significant group differences in body weights on day 1 of the experiment (Table 1) . The mean body weights of FR rats on days 8 and 36 were equal to 80% of their mean body weight on day 1. The mean body weight of WR rats on day 8 was 3% less than their day 1 weight. The mean body weight of WR rats on day 36 was 7% greater than their day 1 weight. Control rats had a mean body weight 10% greater than their day 1 weight on day 8 and 32 % greater on day 36. Comparing group means using a LSD procedure showed signi6.can t differences between FR and control rats, during the 2nd and 3rd open-field tests in the total number of zones and number of novel zones entered (Table 21. FRrats also entered a greater number of central zones than control rats but only during the 1st open-field test [ Table 2 ). WR rats did not differ from control rats in any open-field test category at any time. There was no difference among experimental groups in the number of rears or time spent motionless at any time during the open-field and freezing behaviour tests (data not shown).
Food-restricted rats had a significantly higher mean serum corticosterone level on day 37 than control rats [Table 31 .There was no significant difference in mean serum corticosterone between WR and control rats on day 37.
Experiment 20
Statistical comparisons of adrenal gland weight were performed using gross adrenal gland weight alone and as a percentage of body weight. Body weights, adrenal gland weights and corticosterone levels were analysed using Student's t-test. All group differences described below are significant at P <0.05.
Experiment 2b
Statistical comparisons of adrenal gland weight were performed using gross adrenal gland weight alone and as a percentage of body weight. Body weight, adrenal gland weight and corticosterone levels were analysed using a one-way ANOVA or, for those data sets that failed normality and equal variance tests, a Kruskal-Wallis one-way ANOVA on ranks followed by an all pairwise multiple comparison procedure [Dunnett's method). The critical value for determining significance was set at P < 0.05. terone levels were determined using an enzyme-linked immunoassay modified from Gomez-Sanchez et al. (1992) .
Statistical analysis
Experiment 1 Raw behavioural data were transformed using the square root of x + 1 in order to stabilize the treatment variances. All behavioural tests were analysed using split-plot repeated measures AN OVA (Gill & Hafs . 1971 ). The overall least squared difference [LSD) showed significant differences IP < 0.05) between treatment groups even though the experiment-wise F was not significan t (P = 0.18). This is referred to as an unprotected LSD. Body weights and corticosterone levels were analysed using a oneway ANOVA or, for those data sets that failed normality and equal variance tests, a Kruskal-Wallis one-way ANOVA on ranks followed by an all pairwise multiple comparison procedure (Dunnett's method). The critical value for determining significance was set at P <0.05. 'Indicates statistically significant difference versus control group (P < 0.05). WR = water-restricted rats, FR= food-restricted rats 
Experiment 2b
One control rat was found dead on day 28 of unknown cause. Gross necropsy was normal. Data from this rat were not included in the statistical analysis of corticosterone, adrenal gland and body weight data. Control rats consumed an average of 32 g of food a day. Rats in the iFR and cFR groups consumed an average of 13 and 21 g of food a day, respectively.
On experimental day 1 there was no significant difference in the mean body weight between treatment groups ( Table 6 ). The mean body weight of iFR rats was 81% of day 1 mean body weight on day 8 and 80% of day 1 mean body weight on day 28. The mean body weight of cFR rats was 83% of their day 1 mean body weight on day 8. On day 28 the mean body weight of cFR rats was 3% greater than their day 1 mean body weight. The mean body weight of control rats was 13% greater than their day 1 mean body weight on day 8 and 34 % greater than their day 1 mean body weight on day 28.
Rats in the iFR group had a significantly higher mean serum corticosterone level than control rats (Table 7) . There was no statistically significant difference in mean serum corticosterone level between cFR rats and control rats. Mean relative adrenal gland weight was significantly higher in iFR rats than in control rats (Table 7) , although gross Expressed as mean (SD). 'Indicates statistically significant difference versus control group (P < 0.05) Corticosterone of FR rats on day 8 was equal to 80% of their mean body weight on day 1. The mean body weight of control rats on day 8 was 11% greater than their mean body weight on day 1. Food-restricted rats had a significantly higher mean serum corticosterone level on experimental day 8 than control rats (Table   51 . Gross and mean relative adrenal gland weight of FR rats were also significantly higher than control rats on day 8 (Table 51. adrenal gland weight was not. Gross and mean relative adrenal gland weight were not significantly different between cFR rats and control rats.
Discussion
Rats restricted to 15 min/day access to water did not show significant behavioural or physiological changes as compared to ad libitum watered control rats. Rats fed at a level to maintain them at 80% of their initial ad libitum fed body weight did show significant behavioural and physiological changes compared to ad libitum fed control rats. Rats restricted to 80% of their initial body weight were more active in the open field than control rats after the initial week of weight loss and after being maintained at that level for 4 weeks. Water-restricted and control rats entered similar numbers of zones in all openfield categories during all test periods. The number of zones entered represents a measure of ambulation and exploration (Walsh &. Cummins 1976). These measures have been shown to be sensitive and reliable indicators of changes in behaviour for the rat. Previous studies have shown that rats subjected to stresses such as immobilization and electric shock or tail amputation for blood sampling are less active in the open field than unstressed control rats (Ottenweller et al. 1992) . Rats subjected to the level of water restriction used in Experiment I, access to water only 15 min/day, did not show any deviation from normal rat behaviour which suggests this type of restriction is not stressful. In contrast, food deprivation has been shown to increase the level of overall activity including exploration in both male and female rats (Wong 1979) . In our study food restriction was most severe during the first week when rats were allowed only 4-6 g of food daily. As might be predicted, FR rats were more active than control rats in the open field at the end of the first week of food restriction. However, if the supposition that rats chronically restricted to 80% of their initial body weight adapt to this level of food restriction is true, it would be expected that their activity level would resemble ad libitum fed control rats after a few weeks. Results of Experiment 1 do not support this, and instead, indicate that these rats continue to exhibit hyperactive behaviour 5 weeks after the start of food restriction.
Freezing behaviour, considered an innate defensive reaction exhibited by rats when they encounter a new or unexpected stimulus (Bolles 1970, Walsh & Cummins 19761 , was similar for all treatment groups at all test periods. This suggests that food and water restriction may not alter instinctively based defensive behaviour in rats, but have a greater effect on exploration and locomotion.
Elevated serum corticosterone is a classic indicator of stress in rodents (Sutanto &. de Kloet 19941.In Experiment 1 rats maintained at 80% of their initial ad libitum fed body weight for 4 weeks had significantly higher serum corticosterone levels than control rats. Frame et al. (1998) maintained that calorically-restricted rodents exhibit an intermittent hypercorticism that occurs for a short time period immediately before and during feeding. Rats restricted to time-limited feeding periods experience a shift in their adrenocortical circadian rhythm such that a circulating corticosterone peak will occur just prior to the feeding period (Moberg et al. 1975) . This is differentiated from the continuously elevated serum corticosterone levels seen in starved or chronically stressed rodents (Frame et al. 19981 .In our experiment, blood collection occurred in the morning several hours before the rats feeding time and during the period when corticosterone levels were expected to be at their lowest point (Moberg et al. 1975) . Therefore, it is likely that the elevated serum corticosterone levels seen in the rats maintained at Chronic food and water restriction in rats 80% of their initial body weight was due to chronic stress and not a preprandial corticosterone peak.
Water-restricted rats in Experiment 1 did not show significant differences in serum corticosterone levels compared to ad libitum watered control rats. These results agree with the conclusions of previous authors (Johnson & Levine 1973 , Gray et al. 1978 and suggest that this method of water restriction is not stressful in rats.
Experiments 2a and 2b were conducted to compare how a feeding regimen that maintained rats at 80% of the body weight of an ad libitum fed control rat affected serum corticosterone levels and adrenal gland weight versus rats maintained at 80% of initial body weight. Rats were tested over short 17days) and long (28 days) term conditions.
In Experiment 2a serum corticosterone levels were significantly higher in FR rats after losing 20% of their initial ad libitum' fed body weight in one week compared to control rats. These rats were subjected to severe food restriction, and as a result, exhibited physiological signs of stress. In experiment 2b, iFR rats maintained at 80% of their initial ad libitum fed body weight for 3 weeks had significantly higher serum corticosterone levels than control rats. This is in agreement with results from Experiment 1 and suggests rats remain stressed during chronic food restriction of this type. There is no apparent adaptation over time with this food restriction regimen that reduces the impact of food restriction as a stressor.
Rats in the iFR group received approximately 40% of the caloric intake consumed by ad libitum fed control rats. Rats in the cFR group were maintained at 80% of the body weight of an ad libitum fed control rat and received approximately 66% of the caloric intake of control rats. Serum corticosterone levels in cFR rats, although higher than control rats, were not statistically different after 3 weeks at this level of food restriction.
Another indicator of stress is increased adrenal gland weight (Sutanto & de Kloet 1994) . In Experiment 2a FR rats euthanized on experimental day 8 had significantly greater gross and relative adrenal gland weights than control animals. In Experiment 27 2b, rats maintained at 80% of their initial body weight for 3 weeks, had significantly greater relative adrenal gland weights than control rats. Gross adrenal gland weight was not greater in these rats compared to control rats. This was likely due to the large difference in body weight between iFR rats and control rats by the end of the study. In contrast, relative adrenal gland weights in rats maintained at 80% of an ad libitum fed control rat's weight for 3 weeks were not statistically different from control rats.
All FR rats in Experiments 2a and 2b were forced to lose 20% of their initial body weight during the first week of the study period. The results obtained with FR rats euthanized on day 8 suggest that all FR rats would have had increased corticosterone levels and relative adrenal gland weights compared to control rats on day 8. Elevated corticosterone levels and relative adrenal gland weights were still evident in iFR rats on day 29. However, by altering the feeding regimen to maintain FR rats at 80% of the weight of an ad libitum fed control rat's body weight the statistical differences in corticosterone and adrenal gland weight were eliminated when measured on day 29. This suggests these rats were not stressed at that time; i.e. they may have adapted to this regimen.
Taken together, our data suggest that 15 min/day access to water is not stressful for rats as measured by open-field and freezing behaviour and serum corticosterone. Forced loss of 20% of initial ad libitum fed body weight in one week and chronic restriction of rats to 80% of initial ad libitum fed body weight, as measured by these parameters and adrenal gland weight, does appear to be stressful. Under these conditions rats do not show behavioural or physiological adaptation over time. However, adjustment of the feeding regimen to maintain rats at 80% of the weight of an ad libitum fed control rat's weight eliminates the elevation of serum corticosterone and increase in relative adrenal gland weight indicative of stress.
Other methods of food restriction used in behavioural studies may also be less stressful than maintenance at 80% of initial body weight. These include feeding rats a percen-tage of ad libitum food consumption and restriction of food consumption by time rather than calories.
